Nanostructured oxides, like ZrO2, on ZnO and Bi2O3 show interesting electronic and photovoltaic properties. Pressed and annealed samples were obtained from nanopowders grown in hydrothermal or plasma processes. Positron annihilation (the Doppler broadening depth-resolved, positron lifetime) techniques were used to trace structural changes in samples after annealing. Photoluminescence spectra of all investigated samples show broad-band emission in the visible, with intensity depending on annealing temperature. The change in nanoporosity and positron lifetimes correlate well with changes in photoluminescence properties. The nature of broad photoluminescence bands is to be understood; further positron studies via the Doppler coincidence method would help in identifying the nature of defects in these samples.
Introduction
Nanostructured oxides (ZnO, ZrO 2 , Bi 2 O 3 ) nd potentially numerous applications, from gas sensors, electronics, photoelectronic cells in near ultraviolet and high--temperature fuel cell membranes, see e.g. [1] . The main obstacle in their industrial use are diculties in reproducible production with well dened properties [2] . For an example, bulk zirconia (ZrO 2 ) is usually stabilized by yttrium. The hydrothermal growth technique allows to obtain pure ZrO 2 with a controllable nanostructure [3] .
Other techniques have been used to obtain nanostructured samples of ZnO and Bi 2 O 3 . Samples were characterized by structural, optical and positron-annihilation techniques.
Sample preparation and characterisation

The
ZnO, Bi 2 O 3 nanopowders and the ZnO:58wt%Bi 2 O 3 nanocomposite have been prepared by evaporation of coarse grained commercially available oxide powders into a radio-frequency air plasma. The growth of particle and their size were controlled by * corresponding author; e-mail: akarb@fizyka.umk.pl introducing cold gas into reaction chamber. Nanostruc- to a depth scale from 1 nm to about 1000 nm [5] .
2) Positron annihilation lifetime Spectroscopy in Toru« laboratory with 180 ps time resolution, performing measurements in the bulk material [6] .
Results
The high resolution diraction patterns of single oxides show well dened characteristic maxima of ZnO or Bi 2 O 3 while the composite powder involves both phases, but with Bi 2 O 3 peaks predominant (Fig. 1) . Fig. 1 . High resolution diraction spectra of the ZnO:58wt%Bi2O3 (1), Bi2O3 (2) and ZnO (3) samples.
The excitation spectra of ZnO samples annealed at temperatures 450550 • C with emission monitored at 530 nm are shown in Fig. 2 . For all samples a broad excitation band with maximum at 372 nm is observed, which can be attributed to the band gap absorption of ZnO (3.37 eV at room temperature [7] ). The enhancement of photoluminescence is seen after annealing at 550
Short wavelength emission spectra recorded under UV excitation are compared in Fig. 3 . All spectra exhibit two distinct luminescence bands narrow line located in UV region with maximum at 380 nm and broadband visible emission, extending from 450 nm to 750 nm.
The origin of the rst band is related with so-called band-edge emission (recombination of free excitons between conductive band and valence band), reported e.g.
in [8] . Second, much broader emission band extending from 450 to 750 nm results most probably from the presence of defects. The recently prevailing opinion is that the green luminescence in ZnO is originating from the photogenerated hole recombination with electron at the singly ionized oxygen vacancy [8] . Let us note that we observed a similar broad band under UV excitation also in ZrO 2 [3] . [5] have to be applied.
